Predictors of success of orthopaedic residents on the American Board of Orthopaedic Surgery (ABOS) examination are controversial. We therefore evaluated numerous variables that may suggest or predict candidate performance on the ABOS examination. We reviewed files of 161 residents (all graduates) from one residency program distributed into two study groups based on whether they passed or failed their first attempt on the ABOS Part I or Part II examination from 1991 through 2005. Predictors of success/failure on the ABOS I included the mean percentile score on the Orthopaedic In-Training Examination (OITE) (Years 2 through 4), the percentile OITE score in the last year of training, US Medical Licensing Examination (USMLE) score, Dean's letter, election to Alpha Omega Alpha (AOA), and number of honors in selected third-year clerkships. All but the USMLE score predicted passing the ABOS Part II examination. These data suggest there are objective predictors of residents' performance on the ABOS Part I and Part II examinations.
Introduction
A survey of residency program directors relating first-year performance to possible predictor variables (including USMLE Step 1 and Step 2 scores, grade point average, AOA election, and gender) suggested only the USMLE Step 2 predicted performance [1] . The relationship between the faculty evaluation of residents' performance and scores on the OITE and the ABOS Part I Examination were reported from one residency program in orthopaedic surgery [7] . According to this study, the strongest predictors for positive faculty evaluations were the number of honors grades in the third and fourth years of medical school and election to AOA. A lesser correlation was noted with fine motor activities and publications. The only predictor for a strong score on the OITE was the Scholastic Aptitude Test. These authors reported no factors predicting success on the ABOS I examination.
Others have focused on resident selection criteria by program director surveys identifying specific desired performance outcomes of the residents. Gilbart et al. [8] surveyed 12 of 13 English-speaking orthopaedic programs in Canada. These programs reported a moderately high rating consistency among interviewers and developed a standard assessment form to reliably evaluate future applicants [8] . Various resident performance characteristics that correlated highly included individual work ethic, enthusiasm, orthopaedic experience, and interpersonal qualities [8] . Resident performance characteristics that correlated less highly included academic record, research, publications, ethical character, and outside interests [8] . Characteristics of applicants who successfully obtained a residency position in orthopaedic surgery included high scores on the Medical College Admission Test (MCAT), high scores on the National Board of Medical Examiners (NBME) Part I, high medical school grade point average, high class rank, and AOA membership [4] . The strongest predictors of success in obtaining an orthopaedic residency position were election to AOA and NBME I score above 500. Bernstein et al. [3] reviewed current selection criteria for orthopaedic residents using surveys and questionnaires of 109 program directors across the country. Twenty-six criteria were ranked by the program directors. The top three were rotation at the program director's institution, USMLE
Step 1 score, and the applicant's rank in medical school, although the ranking did not specifically correlate with a resident's performance [3] . Bernstein et al. recognized and agreed with Simon [16] who indicated ''one in twelve resident selections was a serious mistake''. Most program directors agreed with Bernstein et al. that problem residents have issues in the affective domain. Bernstein et al. concluded our current system places too much emphasis on cognitive knowledge, and program directors need a better assessment of the affective domain such as the Defining Issue Test of Rest [14, 15] . Others have stressed the importance of other variables that should be assessed in residents and in medical students [15] . These variables include, in addition to academic performance, integrity, diligence, reliability, commitment, problem-solving, caring, respect, and interpersonal skills. Some have suggested most programs' selection criteria are too reliant on test scores, class rankings, and grades; there is little evidence a correlation exists for achievements in residency and practice [13] ; and the more important criteria of the selection process must include societal goals and responsibilities [18] .
There have been attempts to develop a scoring system or quantitative assessment tool to screen applicants who will go on to perform well in their residency program and practice and be successful in passing the board examinations [5, 6, 17] . A scoring tool developed at the Mayo Clinic entitled the Quantitative Composite Scoring Tool appears to predict performance based on an early report. Outcomes measured included the OITE, the ABOS I and II examinations, and internal assessment of the resident by the faculty [17] . Klein et al. [10] reported USMLE Step 1 scores were not a strong predictor of passing the ABOS Part I examination, but scores below the 30th percentile on the OITE for senior residents were a strong predictor of potential failure of the ABOS Part I examination.
Therefore, we first hypothesized objective measures (OITE scores, USMLE Step I scores, election into AOA, and number of honors in key clinical clerkships) would predict success on Part I of the ABOS examination. Second, we hypothesized clinical performance measures such as faculty evaluations of residents and quality of Deans' letters of recommendation would predict success on Part II of the ABOS examination.
Materials and Methods
Residents of one residency program were included in this study. We reviewed the records of each resident who failed the ABOS Part I or Part II examination from 1991 through 2005. A control group consisted of all graduated residents during this same period who successfully passed the ABOS Part I or Part II examination. The pass rates for all graduating residents on the ABOS Parts I and II examinations during this period were 88% (n = 157) and 93% (n = 150), respectively. From the residents' files, we collected the following data: mean percentile score on the OITE (Years 2 through 4 combined) and mean percentile OITE score in Year 5 of training, USMLE Step 1 score, NBME score, number of honors received during clinical years in medical school (surgery, medicine, pediatrics, and orthopaedics), election to AOA, Dean's letter, and faculty evaluations of resident performance.
Nineteen residents failed the ABOS I and 16 failed the ABOS II during this 15-year period. Complete data were available except as follows: three in the failure group did not have the fifth year's score of the OITE in his or her record, one in the control group did not have the OITE score in his or her last year of training, and five in the control group did not have all 4 years of the OITE available. USMLE Step 1 or NBME Part I scores were not available to review in two records in the failure group and eight in the control group. Honors grades were not in the files of two residents in the failure group and in 13 in the control group. Dean's letters were not available in the files of five residents in the control group. Forty-four graduates had been elected to AOA; two failed Part I and one failed Part II. Fifty-three graduates were not elected to AOA; nine failed Part I and six failed Part II. No AOA chapter was present in the graduate's medical school in 64 cases; seven failed Part I and five failed Part II. Other data that were largely not available included MCAT scores, additional graduate degrees, and research experience. No relationship existed between rankings of the medical schools or gender of the candidates. We did not have enough records of our residents' USMLE Step 2 scores to be included.
Performance on the USMLE examination was reported as above or below the national mean (210-220), and the NBME was reported above or below the mean of 500.
The applicants' Deans' letters were reviewed independently by three observers (JH, GD, AJ). Each letter was read in its entirety and then assigned by the observer's best judgment to one of three categories: ''1'' = good, ''2'' = excellent, or ''3'' = most outstanding. The score assignments were by definition subjective, but every effort was made to judge as consistently as possible. The letter writers' own wording was often among the most useful factors. Descriptors like ''most outstanding'' and ''truly exceptional'' were judged to indicate a ''3'' rating. More reserved descriptors like ''excellent'' and ''very strong candidate'' were judged to indicate a ''2'' rating. Lukewarm descriptors like ''good'' were judged to indicate a ''1'' rating. Although Deans' letters are subjective and imperfect, we would point out that their stated purpose is to provide a consistent summary of a candidate's perceived quality so that candidates can be compared by a third party. We measured interobserver reliability and found high agreement (The intraclass correlation coefficient was used as the measure of interrater reliability and indicated excellent agreement between observers in rating Dean's letters (intraclass correlation among the 3 raters = 0.84, p \ 0.001)), which argues this was indeed the case.
Several performance measures were compared between residents who passed and failed the ABOS Part I or II to determine which measures were associated with a successful outcome (ie, first time passing). We determined differences in the median number of honors and quality of the Dean's letter between the control and failure groups for ABOS Parts I and II separately using the Mann-Whitney Utest and percentile scores (mean ± standard deviation) using the unpaired Student's t test. Fisher's exact test was used to compare binary proportions (membership in AOA, above average on USMLE) between the control and failure groups [11] . We then used multivariate logistic regression analysis to determine which, if any, of the variables (resident evaluation, OITE score Years 2 through 4, OITE score Year 5, AOA, USMLE Step 1, NBME Part I above average, honors during clinical years, and Dean's letter) predicted the first-time outcome on the ABOS Part I and Part II examinations. The likelihood ratio test, used to assess significance and a backward stepwise procedure, was applied to determine the final multivariate predictors associated with examination success [9] . Most of the missing data was in the records of foreign medical graduates, where such data are not available. The missing data in American graduates were small and we did not record this data. Statistical analysis was performed using the SPSS software package (Version 16.0; SPSS Inc, Chicago, IL). Two-tailed p \ 0.05 was considered significant.
Results
Predictors of success/failure on the ABOS I examination included percentile score of the OITE in the last year of training, number of honors in four selected clerkships, the Dean's letter, the mean percentile score of the OITE (Years 2 through 4), membership in AOA, and whether the resident scored above or below the mean on the USMLE examination ( Table 1 ). Among residents who had membership in AOA, 96% passed Part I and 98% passed Part II on the first attempt, whereas among residents who were not members of AOA, 81% passed Part I and 82% passed Part II on the first attempt. Mean percentile score on the OITE over 3 years (Years 2 through 4) was lower (p \ 0.001) in the failure group than in the control group (16 versus 51). The percentile score in the fifth year of the residency program also was lower (p \ 0.001) (15 versus 58) (Fig. 1) . The residents who failed scored above average on the USMLE and the OITE less often than the residents who passed. The Dean's letter predicted passing (p \ 0.001) (Fig. 2) . Honors in the four selected clerkships predicted performance with an increased median of 3 in the passing group as compared with 1 in the failure group (p = 0.001). The mean percentile OITE score (Years 2 through 4) and in the last year of training, the Dean's letter, the number of clerkship honors, and election to AOA predicted outcome on the ABOS II examination ( Table 2) . Among those who passed Part I on their first attempt, 49% (42 of 85) had membership in AOA compared with only 16% (two of 12) of those who failed (Fig. 3) . Similarly, of the percentage of residents who passed Part II on their first attempt, 51% (42 of 82) had membership in AOA compared with only 10% (one of 10) of those who failed. The percentile score of the OITE in the fifth year of the residency program was lower (p = 0.001) for those who failed ABOS II than for those who passed (30% versus 57%). The mean percentile score of the OITE (Years 2 through 4) also was lower (p \ 0.001) for those who failed than for those who passed (32% versus 50%). The number of honors in the four selected third-year clerkships also predicted performance with medians of 3 and 1 for those who passed versus those who failed (p \ 0.001), although scores on the USMLE examination were not predictive of success.
Discussion
Several studies [1, 3, 4, 7 ] describe potential predictors of success of orthopaedic residents on the ABOS examination, but these remain controversial. Therefore, we first The limitations of this retrospective study include the following missing data: seven graduates who failed Part I have not taken Part II; Dean's letters were not available for seven graduates; the OITE scores in Years 2 through 4 were not available for seven; OITE scores in Year 5 were not available for five and one resident had scores only in Years 4 and 5; honors' grades were not available for 16; and USMLE were not available for 10. Most of the missing data is from foreign medical school graduates who did not have Dean's letters and honors grades ( Table 3 ). Another limitation is the lack of information regarding the affective domain (not tested on the ABOS examinations) and ethics and professionalism (evaluated on the ABOS II and to a limited extent on the ABOS I) of residents. As suggested by Bernstein et al. [3] and Baldwin et al. [2] , and as reported by Rest [14] , there is some evidence of ''a significant relationship between moral reasoning skills and clinical performance''. Although it is difficult to access those qualities in the affective domain, an attempt was made by Rest [14] with the development of his Defining Plus-minus data are mean ± SD; * statistically significant univariate predictor; statistically significant multivariate predictor (stepwise logistic regression analysis); à seven residents never passed American Board of Orthopaedic Surgery (ABOS) Part I and were thus excluded from this analysis; OITE = Orthopaedic In-Training Examination; AOA = Alpha Omega Alpha; USMLE = US Medical Licensing Examination; NBME = National Board of Medical Examiners; honors reflect clinical rotations (medicine, surgery, pediatrics, orthopaedics); Dean's letter: 1 = good, 2 = excellent, 3 = outstanding (letters were available on all residents except five in Control group). Fig. 3 The percentage of residents with membership in AOA was higher among those who passed ABOS Parts I and II (49% and 51%) compared with those who failed (16% and 10%) as denoted by the asterisks (p \ 0.05, Fisher's exact tests). Issue Test. In this test, the resident is asked to give his or her opinions regarding six brief stories. We are not aware of this test being used in the selection process of residents. Is it not time for program directors to investigate ways of assessing our residents on affective domain characteristics?
As we continue to see the best and brightest entering orthopaedic surgery, such studies would be ideal and are long overdue. Proven predictors of intern performance have included USMLE Step 2 scores [1] . The strongest predictors of overall resident performance were number of honors grades during the third and fourth years of medical school, election to AOA, and faculty evaluations of resident applicants' psychomotor performance [6, 7] . Others suggest no ''correlation exists for achievements in the clinical years, for postgraduate training, or as physicians'' [13] between the MCAT and subsequent practice [12] or between undergraduate grades and performance as a physician [19] .
Bernstein et al. [3] surveyed orthopaedic residency program directors to identify an objective method to improve the selection process. Program directors, when selecting future residents, placed the highest value on USMLE Step 1 scores, class rank in medical school, election to AOA, whether the candidate rotated at the residency's institution, personal appearance and performance at the interview, letters of recommendation by an orthopaedic surgeon, medical school reputation, and the Dean's letter. Problem residents exist in most programs, questioning the validity of our selection process [16] . Simon [16] and Bernstein et al. [3] suggest program directors should obtain professional help in the selection process to access affective domain qualities to avoid selecting a problem resident. Such professional help could include a psychologist or psychiatrist, methods to select candidates with high ''standards of ethics and professionalism'' [3] , human resource departments, or individuals similar to jury experts. Developing a scoring system has become increasingly popular [5, 8, 17] . Interobserver reliability with such systems is high for numeric elements, low for subjective elements [5] , and unreliable across different programs [8] . Gilbart et al. [8] suggested the resident selection process be changed ''in a consistent manner'' using factors that allow ''consistency from year to year.'' Successful applicants in one program were reportedly younger and had higher MCAT and NBME Part I scores and medical school grade point averages [4] . A scoring tool for orthopaedic residency selection known as the Quantitative Composite Scoring Tool (QCST) was developed at the Mayo Clinic [17] . Comparing the scores using this tool with resident performance, ie, attainment of satisfactory chief resident status, OITE scores, and passing the ABOS Part I and Part II examinations, the QCST score was the strongest predictor for OITE scores and results on ABOS Part I and Part II [17] . Honors grades in the third year of medical school were most predictive of satisfactory chief resident status [17] . We looked at only objective criteria, including OITE scores, USMLE Step 1 scores, AOA election, the number of honors in key clinical clerkships and subjective criteria, including Deans' letters and faculty evaluations of residents as predictors of successful performance on the ABOS examinations, the minimum standard to practice orthopaedic surgery in the United States. The most important factors in graduates of our residency program were the OITE score in the fifth year of training ( Fig. 1) , an excellent or outstanding Dean's letter (Fig. 2) , and the number of honors in the major clinical clerkships of medicine, surgery, pediatrics, and orthopaedics. Other predictors included the average percentile score on the OITE for 3 years, a USMLE Step 1 score above the mean, and election to the AOA honorary medical society. The US-MLE Part I examination was a predictor for success on Part I of the ABOS examination but not Part II. A program director should be concerned about a resident about whom the faculty continues to state: ''the resident needs to read more'' or ''study basic science more,'' especially if he or she does poorly on his or her OITE.
